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Description 

FIELD OF THE INVENTION 

s [00D1] This invention relates to porous filter media for removing solid particles entrained in a moving gas stream. 
More specifically, ft relates to a filter composite comprising a plurality of non-pre-bonded tiers of fitter material assembled 
in preselected Juxtaposition and bonded together to form a unitary stratified structure useful for fiitenng particulates 
from air. 

10 BACKGROUND 

[0002] In recent times, the technology for filtering particulates from gases has become quite sophisticated In. both 
commonplace applications such as consumer oriented vacuum cleaning of dirt and dust as well as very demanding 
Industrial applications such as removal from gases of specific particle size fractions of wide varieties of contaminants 
fs including from inert to biochemically sensitive, among others. It is now well appreciated that the contaminating pariio- 
ulates in a gas stream can have a wide variety of sizes, geometric shapes, e.g., elongated and spherical, and chemical 
and physical compositions, e.g., odop-free and odor-emitting particles. 

[0003] Consequently, filtration technology has evolved to provide filter media which are adapted to optimally filter 
specific fractions of the contaminating particulates. Also, this technology has developed techniques for maximizing 

20 various perfbmiance characteristics of filters such as maintaining low pressure drop across the filter end Increasing 
the filter service life so as to extend the length of time between filter element replacements. 
[0004] The traditional approach to achieving these objectives has been to provide a multilayer filter medium com- 
posed of separate, individually designed layers which are each intended to accomplish primarily one, and sometimes 
several specific fitter functions. For example, a very open, porous and thin scrim is often used to protect underiying 

25 fiiter layers from abrasion by fast moving, large and hard particles; a porous and bulky layer Is typically used to capture 
substantial amounts of chieffy large particles, and an uitrafine diameter filamerrt, low porosity layer is usually prescribed 
for removing the smallest particles to increase filtration efficiency. From the many choices available, separate filter 
layers are selected and combined in a preselected sequence then assembled as a group to form a multilayer, and 
therefore multifunctional filter. The one or more adjacent layers can be bonded to each other or the layers can be 

30 unbonded. Optionally, the Individual layerscan besandwlchedbetweencovers,typlcaliyof paper, forstnucturalintegrity 
and ease of handling. 

[OOOS] A drawbacic of the aforementioned multilayer system of constructing multifunctional filters Is that there is 
repetitive processing of the filter media which can be excessive. That is, the filter material in a given layer is first 
processed to form the individual layer, then it is processed to assemble that layer in the multilayer filter. Each step adds 
35 to the compaction and cover, if ever slight, of the final filter product. This tends to raise the pressure drop through the 
filter and reduce dust holding capacity, thereby limiting sen/ice life, it is desirable to have a multifunctional, muiflcom- 
ponent filter which can be produced with a minimum of filter medium compaction and cover. 

SUIWMARY OF THE INVENTION 

40 

[OOOq Accordingly, the present Inv^ion now provides a composite filter according to claim 1 . There is also provided 
a method according to claim 17. 

BRIEF DESCRIPTION OF THE RGURES 

[0007] 

FIG. 1 Is a schematic diagram of an in-line process for producing a composite filter according to a preferred em- 
bodiment of the pr^ent invention. 

50 

FIG. 2 Is a sdiematic diagram showing in cross section an embodiment of the novel filter composite having a 
unitary stratified structure of two tiers. 

RG. 3 Is a schematic diagram showing In cross section another embodiment of the novel filter composite having 
S5 a unitary stratified structure of three tiers. 

FIG. 4. is a schematic diagram showing in cross section another embodiment of the novel filter composite having 
a unitary stratified structure of four tiers. 
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FIG. 5. is a schematic diagram showing in cross section another embodiment of the novel filter composite having 
a unitary stretified structure of five tiers. 

RG. 6. is a schematic diagram showing In cross section anotherembodiment of the novel two-tiered filter composite 
s ctf FiG. 2 in combination wrth a filter layer adjacent thereto. 

RG. 7. is a schernatic diagram showing in cross section another embodiment of the novei three-tiered filter com- 
posite of RG. 3 In combination with a filter layer adjacent tliereto. 

10 RG . 8. is a schematic diagram showing In crass section another embodiment of the novei four-4iered filter composite 

of FIG. 4 in combination with a fitter layer adjaoent thereto. 

FIG. 9. is a schematic diagram showing In cross section another embodiment of the novei five-tiered filter composite 
of FiG. 5 in combination wllti a filter layer adjacent thereto. 

15 

RG. 10. Is a schematic cross section diagram showing the two-tiered filter composite of RG. 6 tx^nded to an 
adjacent filter layer with an adhesive or ultrasonlcaiiy bonded layer. 

RG. 11. is a schematic cross section diagram showing the three-tiered filter composite of FIG. 7 bonded to an 
20 adjacent filter layer with an adhesive or ultrasonlcaiiy bonded layer. 

FIG. 12. is a schematic cross section diagram showing the four-tiered filter composite of FiG. 8 bonded to an 
adjacent filter layer with an adhesive or ultrasonicaily bonded layer. 

26 RG. 13. is a schematic cross section diagram showing the five-tiered filter composite of FIG. 9 bonded to an 

adjacent filter layer with an adhesive or ultrasonlcaiiy bonded layer. 

DETAILED DESCRIPTION 

30 [0008] This invention basically prx)vides a novel filter composite made up of a plurality of stacked tiers of filtration 
material bonded together to form a unitary stratified structure. The composition of filtration material In any given tier Is 
preselected to perform a desired filtering function. For example, fine, (l.e., small diameter) and densely paclced fibers 
can be selected to capture very small dust particles such as those of about 5 micrometers and smaller. Electrostatically 
charged fibers can also t^e used to stop passage of these and even smaller particles. Similarly, bulky, highly porous 

36 media designed to have large dust holding capacity can be utilized to trap medium to large size dirt particles. 

[0009] The novel filter composite has the distinguishing characteristic that at least one and preferably all of the tiers 
are not pre-bonded prior to and during the stacidng. The term "pre-bonded" means here that a composition of filter 
medium, such as thermally bondable fusing fibers or adhesively bindabie fibers. Is treated in a manner effective to 
activate the binding mechanism thereby forming a separate, fiee-standlng, cohesive, and typically self-supporting web 

^0 of tiiat filter composition. Such a pre-bonded web can be mechanically manipulated by such processes as winding on 
a roil, unwinding from a roil, cutting and the lilce. Hence, In one aspect of this invention, the bonding of at least one and 
pr^erably all of the tiers to ibrm the unitary structure is begun only after the stacking of ail the tiers of a particular 
desired filter composite structure has tTeen completed. The resulting structure is a single body composed of difiiarent 
types of filtration material which appear as distinct sti-ata as viewed in cross section through the filter composite as will 

46 be further explained in the de8criptk>n and drawings, below. 

[0010] As mentioned, the slratlfied structure is formed by building up a stack of tiers of selected filtration materials. 
Because the tiers are non-prebonded, the components of each tier, that is, fibers, granules, etc., generally are laid 
loosely by mechanical or air-laying processes onto the layer tying below. Within each tier the composition of filter 
material Is largely uniform and there is a "fuzzy" interface between the tiers, such as Interface 36A in Rg. 2 and rep- 

so resented similarly as dashed lines In Rgs. 3-1 3. Since It Is desired to provide a stratified structure, it is a feature of this 
invention that acljacent tiers in a stack have difiiersnt compositions, isionetheless, a composition of one tier can be 
repeated in the stack althou^ at least one tier of different composition has to be prssenrt between the tiers of same 
compo^tion. 

[001 1] This stmcture differs from that of conventional multilayer filtration media which are formed by laminating a 
S5 plurality of Individual filter medium layers that have each been pre-bonded to fomn a self-supporting web prior to for- 
mation of the multilayer laminate. The term 'tier' herein means a band formed fiem non-prebonded filter material into 
a stratum of unitary stratified structure, in contrast, a "layer' means a separately, pret>onded. sel^supportlng web of 
filter material. 
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[0012] The unitary stratified structure of the novel filter composite provides a number of significant advantages over 
conventional filter media, in one aspect, the unitary stratified structure can be made bulkier to provide greater dust 
holding capacity than a laminate of individually, pre-bonded layers having compositions coirespondlng respectively to 
the tiers of the unitary stmcture. This Is because each pc»1ion of the conventional filter medium is compressed at least 
twice: once when the individual layer is formed by bonding, and a second Unne when the indhndual layers are laminated 
to fomn the filter. 

[0013] in another aspect, the novel structure can have less adhesive than conventional filters. This stems from the 
ability to dry lay successive tiers onto the stacic without using adhesive at the interfaces. Even though adhesiveSp such 
as latex adhesh^, Is typically applied sparingly, every additional application adds, If ev^ so silghttyp to the coverage. 
Consequently, the more adhesive used, generally the higher the pressure drop across the filter and the faster that a 
filter can be expected to bHnd with dust and dirt particles. 

[001 4] in still another aspect, the novel structure preferably comprises one or more tiers which are each very fiimsy. 
That is, they have such high porosity or have such little amount of solid filter material that the tier is not self-supporting. 
In other words, the composllion of the tier laclcs sufficient structural Integrity on its own to form a separate, free standing 
web as might be used in a conventional, multilayered laminate. Hence, the novel filter composite provides the ability 
to incorporate one or more Individually flimsy yet highly functional tiers into the stratified composite. By virtue of Its 
unitary stmcture, the composite has adequate strength, stiffness and other properties to be usefUi as a filter. For ex- 
ample, a very highly porous and therefore individually flimsy tier can be incorporated In a stacic of the novel filter 
composite to pnsvide high dust holding capacity even though a standalone layer of the same composition could not be 
febricated for use in a conventional laminate. Similarly, a very thin, structurally weaic tier of ultra fine fibers can be 
incorporated In a stack to produce siq>erior fine dust fiftration although the same composition might be too weak to 
form a layer of its own. 

[001 5} The flimsiness of a tier can be tested as follows. If the sutjstance of the tier cannot be laid down on a support 
then wound onto a roll and unwound from the roll, the substance is said to be flimsy within the meaning of this Inventton. 
[0018] The filter composites of this invention can be utilized In vacuum cleaner bags, and more generally in vacuum 
filters. By "vacuum filter* is meant a filter structure intended to operate by passing a gas, preferably air, which entrains 
usually dry solid particles, through the stmcture. The convention has been adopted in this application to refer to the 
sides, tiers and layers of the stmcture In relation to the direction of air flow. That is, the filter Inlet side is "upstream" 
and the filter discharge side is "downstream" for example. Occasionally herein the terms "In front of' and "behind" have 
been used to denote relative positions of structure elements as being upstream and downstream respectively. Of 
course, there will be a pressure gradient, sometimes referred to as "pressure drop", across the filter during filtration. 
Vacuum cleaners typically use bag shaped filters. Nonnally, the upstream side of a vacuum bag filter is the inside and 
the downstream side is outside. 

[0017] In addltkin to vacuum cleaner bags, the novel filter composite can be utilized In applications such as heating 
ventilation and air conditioning (HVAC) systems, vehicle cabin air filters, high effidency (so-called "HEPA") and clean 
room filtere, emission control bag house filters, respirators, surgical face masks and the like. Optionally, the filter com- 
posite can be used in such applications with an additional carbon fiber or particle-containing layer in series with the 
novel filter composite, for example to absorb odors or toxic contaminants. Moreover, certain applications, such as 
HEPA and clean room filters can employ additional layers in series with the novel composite, such es low porosity 
polytetrafiuorethylene (PTFE) membrane laminated to a boundary surface of an appropriate unitary stratified stmcture, 
composite filter. 

[001 q In this text the notations " x " and " * " are used to signify multiplication and exponential operation, respectively. 
[0019] DIN 44956-2 test is employed to determine the increase in pressure drop of five different examples of vacuum 
cleaner bag constructions after dust loading with fine dust at the following levels: 0, 0.5, 1 .0, 1 .5, 2.0, and 2.5 grams. 
[0020] Air Permeability after Fine Dust Ijoading Test The dust loading part of the DIM 44956-2 is performed at 0.5 
gram Increments from 0 to 2.6 g/{m*2 x s) on seven bags of each sample. However, the pressure drop values are not 
recorded again. The maximum sustainable air permeability values are then determined on the bags, which had the 
specified levels of dust loading. 

[0021] Filter material compositions which are referred to m Vtns patent application are descn'bed in greater detail as 
follows: 

Standard \facuum Cleaner niter Baa Material : 

[002Z] This material, sometimes refen-ed to as "standard paper has traditionally been used as a single ply in which 
It provides dust filtration and containment, as well as the strength and abrasion resistance required of a vacuum cleaner 
bag. This material is also rigid enough to enable easy fabrication on standard bag manufacturing equipment The paper 
is predominantly composed of unbleached wood pulp with 6-7% of a synthetic fiber such as poly(ethylene terephthalate] 
(PET) type polyester, and is produced by the wet laying process. The standard paper typically has a basis weight of 
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about 30-60 g/m^2 and commonly about 50 g/m^2. The PET fibers typically have a fineness of 1.7 dtex and lengths 
of 6-10 mm. This paper has air permeability In the range of about 200-500 L/{m^2 x s) and an average pore size of 
about 30 mm. However, the effidency as determined from the DIN 44956-2 Test is only about 66%. Another charac- 
teristic Is that the pores are qi^ckly clogged with dust and the dust holding capacity is further limited by the very thin 
s paper thiclcness of only about 0.20 mm. 

Spunbond Nonwoven 

[0023] A nonwoven of spunbond polymer fibers can be deployed as a filtration tier in the structure. The fibers can 
fo be of any spunbond-capable polymer such as polyamldes, polyesters or polyoiefins. Basis weight of the spuntx>nd 
nonwoven should be about 10-100 g/n\^2 and preferably about 30^0 g/m^2. The spunbond nonwoven should have 
an air permeability of about 500-10,000 U(m^2 x s), and preferably about 2,000-6,000 Ly(m^2 x s) as measured by 
DIN 53887. TTie spunbond can ateo be electrostatically charged. 

fs Scrim or Supporting Reeoe 

[0024] Scrim refers to a generally light basis weight, very open porous paper or nonwoven web. Basis weight of the 
scrim Is typically about 1 0^30 g/m^2, and frequently about 13-17 g/m^2. The scrim, sometimes referred to as a sup- 
porting fleece usually has air pemneability of about 500-10,000 U(m'^2 x s). It Is primarily employed to protect other 
20 tiers or layers from abrasion. The scrim can also filter the very largest particles. The scrim, as well as any tier of thie 
filter composite, can be eledrostaticaliy charged provided the material has suitable dielectric properties. 

Wet-laid High Dust Capacity Material: 

26 [0025] Wet-laid IHIgh Dust Capacity material, frequently referred to herein as *Wet-la!d capacity paper" Is builder, 
thicker and more permeable than the standard vacuum cleaner bag filter paper. It performs multiple functions. These 
include resisting shock loading, filtering of large dirt particles, filtering a significant portion of small dust particles, holding 
large amounts of particles while allowing air to fiow through easily, thereby providing a tow pressure drop at high particle 
loading which extends the life of the filter. 

^ [0026] The wet-laid capacity paper usually comprises a fiber mixture of wood pulp fibers and synthetic fibers. It 
typically contains up to about 70% wood pulp and correspondingly more synthetic fiber, such as PET, than the standard 
paper described above, it lias a greater thickness than the standard paper of about 0.32 mm at a typical basis weight 
of 50 g/mA2. Pore size also is much greater, in that the average pore size can be greater than 160 mm. Thus, the paper 
is able to hold much more dust in its pores before clogging up. Basis weight of the wet-lald <»paclty paper typically is 

^ atx)ut 30-1 50 g/m^2 and preferably about 50-80 g/m''2, 

[0027] The wet-iaid capacity paper has a fine dust particle firtratk>n efficiency of about 68-67 % as determined by 
the DIN 44956-2. Importantly, the wet-laid capacity paper has air permeability higher than the standard filter paper. 
The permeability lower limit thus preferably should be at least about 500 mm^2 x s), more preferably at least about 
1,000 U(m^2 x s) and most preferably at least about 2,000 U(m'^2 x s). The upper limit of permeability Is defined to 

40 assure that the paper filters and holds a major fraction of the dust particles larger than about 10 mm. Consequently, a 
secondary high efficiency filter rhedlum positioned downstream Is able to filter out and contain fine partkiies much 
longer before showing indication of a sut>stantial pressure drop increase across the filter. Accordingly, the air perme- 
ability of the wet-iaid capacity paper preferably should be at most about 8,000 mm^2 x s), more preferably at most 
about 5,000 L/(m^2 x s), and most preferably at most about 4,000 L/(m^2 x s). It is thus seen that the wet-laid capacity 

45 paper is especially well designed as a muHipurpo^ fiitratton tier to be positioned upstream of the secondary high 
efficiency filtration tier. 

Dry-laid High Dust Capacity jy^aterial 

so [0028] Dry-laid high dust capacity material, sometimes referred to herein as "dry-laid capacity paper", had not been 
used as a filter in vacuum cleaner bags. Dry-laid paper is not formed from a water slurry, but is produced with air-laying 
technology and preferably by a '^ufFpuip*' process. Hydrogen-bonding which plays a large roll in attracting the molecular 
chains together does not operate in the absence of water. Thus, at the same basis weight, dry-laid capacity paper, is 
usually much thicker than standard paper and the wet-lald capacity paper. For a typical weight of 70 g/m^2, the thickness 

ss is 0.90 mm, for example. 

[0020] The dry-laid capacity paper webs can be bonded primarily by two methods. The first method is latex bonding 
in which the latex binder may be applied from water-based dispersions. Saturation techniques such as spraying or 
dipping and squeezing (padder roll application) followed In both cases by a drying and heat curing process can be 
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used. The latex binder may also be applied in discrete patterns such as dots diamonds, cross hatches or wavy iines 
by gravure roll followed by drying and curing. 

[003(Q The second method Is themial t)ondlng, for exampie by utQizIng binder fibers. Binder fibers sometimes referred 
to herein as ""thermally bondable fiislr^ fibers" are defined by the Nonwoven F^ric i-iandbooic, (1 992 edition) as "Rtiers 

s with lower softening points than other fil>er8 in the web. Upon the application of heat and pressure, these act as an 
adhesive." These thermally bondable fusing fibers generally completely melt at locations where sufficient heat and 
pressure are applied for the web, thereby adhering the matrix fibers together at their cross-over points. Examples 
Include co-polyester polymers which when heated adhere a wide range of fibrous materials. 
[0031] In a preferred embodiment thermal bonding can be accomplished by adding from at least 20% preferably up 

10 to 50% of a bioomponent f 'B/C") polymer fiber to the dry-laid web. Examples of B/C fibers Include fibers with a core 
of polypropylene ("PP") and a sheath of more heat sensitive polyethylene ("PE*'). The term "heat sensitive*' means that 
thermoplastic fibers soften and become sticky or heal fusible at a temperature of 3^ degrees C below the melting 
point. The sheath polymer preferably should have a melting point In the range of about 90-160 degrees C and the core 
polymer should have a higher melting point, preferably by at least about 5 degrees C higher than that of the sheath 

IS polymer. For exampie, PE melts at 121 degrees C and PP meits at 161-163 degrees C. This aids In bonding the dry- 
laid web when it passes tietween the nip of a thermal calendar or Into a through-air oven by achieving thermally bonded 
fit>er8 with less heat and pressure to produce a less compacted, moreopen and breathable ^uctune. In a more preferred 
emtx)dimenrt the core of the core/sheath of the B/C fiber is located eccentric of the sheath. The more that the core is 
located towards one side of the fiber the more likely that the B/C fiber will crimp during the thermal bonding step, and 

20 thereby increase the bulk of the dry-faid capacity. This will, of course. Improve its dust holding capacity. Thus, in a still 
further prefierned embodiment the core end sheath are located side-by-slde in the B/C fiber, and bonding Is achieved 
with a through-air oven. A tiiermal calendar, which would compress the web more than through-air txsndlng and is less 
preferred In this case. Other polymer combinations that may t>e used In core/sheath or sld&-by-slde B/C fibers include 
PP with co-polyester, low melting polymers, and polyester with nylon 6. The dry-laid high capacity tier can also be 

26 constituted essentially completely by k^component fibers. Other variations of bicomponent fibers in addition to "sheath/ 
core", can be used, such as "side-by-side**, "islands In the sea" and "orange" embodiments disclosed In Nonwoven 
Textiles, Jirsak, O., and Wadsworth, L.C., Carolina Academic Press, Durham, North Carolina, 1999, pp. 26-29, the 
entire disclosure of which is hereby Incorporated by reference. 

[0032] Generally, the average pore size of dry-laid capacity Is intermediate t>etween the pore size of the standard 

30 paper and wet-laid capacity paper The filtration efficiency as determined by the DIN 44056-2 Test is approximately 
60%. Dry-laid capacity paper should have about the same basis weight and the same permeability as Ihe wet-laid 
capacity paper described above, i.e., in the range of about 500-6000 l-/(m^2 x s), preferably about 1000^5000 Uim^2 
X s) and most preferably at>out 200&4000 17(01^2 x s). it has excellent dust holding capacity and has the advantage 
of being much more uniform in weight and thickness than the wet-laid papers. 

35 [0033] Several preferred embodiments of dry-laid capacity paper are contemplated . One is a latex bonded fluff pulp 
fit>er composition. That is, the fibers comprising the paper consist essentialiy of fluff puip. The term "fluff puip" means 
a nonwoven component of the filter of this invention which is prepared by mechanically grinding rolls of pulp, i.e., fibrous 
cellulose material of wood or cotton, then aerodynamicaiiy transporting the puip to web forming components of air 
laying or dry forming machines. A Wiley Mill can be used to grind the pulp. So-called Dan Web or M and J machines 

40 are useful for dry forming. A fluff pulp component and the dry-laid tiers of fluff pulp are isotropic and are thus charac- 
terized by random fiber orientation in the direction of all three orthogonal dimensions. TTiat Is, they have a large portion 
of fibers oriented away from the plane of the nonwoven web, and particularly perpendicular to the plane, as compared 
to three-dimensional ly anisotropic nonwoven webs. Fibers of fluff pulp utilized in this invention preferably aro from 
about 0.5-5 mm long. The fibers are held together by a latex binder. The binder can t>e applied either as powder or 

4^ emulsion. Binder is usually present in the dry-laid capacity paper In the range of about 10-30 wt% and preferably atx)ut 
20-30 wt% binder solids t>ased on weight of fibers. 

[0034] Another preferred embodiment the dry-laid capacity paper comprises a thermally bonded blend of fluff pulp 
fibers and at least one of "split film fibers" and bicomponent polymer fibers. More preferably, the blend of fluff pulp 
fibers comprise fluff pulp fibers and bioomponent polymer fibers. 

60 

SplH Film Fibers 

[QQZ51 Split film fibers are essentially flat, rectangular fibers which may be electrostatically charged before or after 
being incorporated into the composite structure of the invention. The Hiidcness of the split film fibers may range from 
55 2-100 micrometers, the width may range from 5 micrometers to 600 micrometers, and the length may range from 0.5 
to 15 mm. However, the preferred dimensions of the split film fibers are a thickness of about 5 to 20 micrometers, a 
width of about 15 to 60 micrometers, and a length of about 0.5 to 8 mm. 

[0036] The spilt film fibers of the Invention are preferably made of a polyolefin, such as polypropylene. However, any 
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polymer which is suitable for making fibers may be used Ibr the split film fibers of the composite staictures of the 
Invention. Examples of suitable polymers include, but are not limited to, polyolefins like homopolymersand copolymers 
of polyethylene^ polyterephthalates, such as poiy(ethyiene lerephthalate) (PET). poly(butyl4sne terephthalate} (PBT), 
poly((^ohexyl-dimethylene terephthalate) (PCT), polycarbonate, and polychlorotrifluoroethylene (PCTFE). Other 

5 suitable polymers Include nylons, polyamides, polystyrenes, poly-4-methylpentene-1 , polymethylmethacrylates, poly- 
urethanes, silicones, polyphenylene sulfides. The split film fibers may also comprise a mixture of homopolymers or 
copolymers. In the present eq^plicatlon, the invention Is exemplified with split film fibers made of polypropylene. 
[00371 The use of PP polymers with various molecular weights and morphologies in laminate film stmctures has 
been shown to produce films wtth a proper balance of mechanical properties and brittleness required to produce spilt 

f 0 film fibers. These PP split film fibers may also be subsequently given the desired level of crimp. AB dimensions of the 
s(>lit film fibers may, of course, be varied during manufacture of the fibers. 

[0038] One rrathod forproduction of the spilt fibers, is disclosed in U.S. Pat. No. 4,178,167. Polypropylene Is melted 
and extnjded into a film which is then blown Into a large tube (balloon) into which ambient air is introduced or allowed 
to enter, in accordance with conventional blow stretching technology. Inflating the balloon with air serves to quench 

15 the film and to bi-axially orient the molecular structure of the PP molecular chains, resulting in greater strength. The 
balloon Is then collapsed and the film is stretched between two or more pairs of rollers In which the film Is held in the 
nip of two contacting rollers, with the application of varying amounts of pressure between the two centring rollers. 
This results in an additional stretch in the machine direction which is accomplished by driving the second set of rollers 
at a faster surface speed than the first set. The result is an even greater molecular orientation to the film In the machine 

20 direction whlc^ will subsequently beoome the bng dimension of the split film fibers. 

[0030] The film may be electrostatically charged before or after it has been cooled down. Although various electro- 
static charging techniques may be employed to charge the film, two methods have been found to be most preferable. 
The first method involves passing the film about midway in a gap of about 1 .5 to 3 inches between two DC corona 
electrodes. Corona t>8rs with emitter pins of metallic wire may be used in which one corona electrode has a positive 

25 DC voltage potential of about 20 to 30 kV and the opposing etectrode has a negative DC voltage of about 20 to 30 BcV. 
[0040] The second, prefenred, method utilizes the electrostatic charging technologies descriljed In U.S. Pat. No. 
5,401,446 (Wadsworth and Tsai, 1995), which is refen-ed to as Tantret(tm) Technique I and Technique 11, which are 
further described herein, it has been found that Technk^ue 11, In which the film is suspended on Insulated rollers as the 
film passes around the inside circumfeienoe of two negatively charged metal shells with a positive corona wire of each 

30 shell, imparts the highest voltage potentials to the films. Generally, with Technique 11, positive 1000 to 3000 volts or 
more may be imparted to on one side of the films with similar magnitudes of negative volts on the other side of the 
charged film. Technique I, wherein films contact a metal roller with a DC voltage of -1 to -10 kV and a wine having a 
DC voltage of +20 to *40 kV is placed from about 1 to 2 inches above the negatively biased roller with each side of 
the film being exposed in succession to this roller/wire charging configuration, results In lower voltage potentials as 

35 measured on the surfaces of the films. With Technique 1 , voltages of 300 to 1 500 volts on the film surface with generally 
equal but opposite polaritiea on each skie are typtealty obtained. The higher surface potentials obtained by Technique 
11, however, have not been found to rosult In t^etter measurable filtration efTiclencles of the webs made from the spilt 
film fibers. Therefore, and because it Is easier to lace up and pass the film through the Technique 1 device, this method 
Is now predominately used to charge the films prior to the splitting process. 

40 [0041] The cooled and stretched film may be hot or cold electrostatically charged. The film is then simultaneously 
stretched and split to narrow wtdtte, typically up to about 50 micrometers. The split, fiat filaments are then gathered 
Into a tow which is crimped in a controlled numbers of crimps per centimeter and then cut Into the desired staple length. 
[0042] in a particularly preferred embodiment, the dry-laid high dust capacity paper comprises a blend of ail of flufi" 
pulp fibers, bicomponent polymer fibers, and electrostatically charged split film fibers. Preferably, the flufl' pulp fibers 

45 will be present at about 6-85 wt%, more preferably about 10-70 wt%, and most preferably about 40 wt%, the bicom- 
ponent fibers at about 10-60 wt%, more preferably about 10-30 wt% and most preferably about 20 wt%, and the elec- 
trostatically charged spilt film fibers at about 20-80 wt%, and more preferably about 40 wt%. This dry-laid high dust 
capacity may be thermally bonded, preferably at a high temperature of 90-1 60 degrees C, more preferably, at a tem- 
perature lower than 110 degrees C and most preferably at about 90 degrees C. 

so 

Mixed Electrostatic Fibers 

[0043] Other preferred embodiments of the dry-laid c^iacity paper comprises a thermally bonded paper with 100% 
"mixed eiectrxistatlc fibers", a blend of 20-80% mixed electrostatic fibers and 20-80% B/C fibere, and a blend of 20-80% 
S5 mixed electrostatic fibers, 10-70% flufl' pulp and 10-70% B/C fibers. "Mixed electrostatic fiber filters are made by 
blending fibers with widely different triboeiectric properties and nibbing them against each other or against the metal 
parts of machines, such as wires on carding cylinders during carding. This malces one of the types of fibers more 
positively or negatively charged with resfsect to the other type erf fiber, and enhances the coulombic attraction fer dust 
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particles. The production of filters with these types of mixed electrostatic fibers is taught in U. S. Patent No. 5,470,485 
and European Patent Application No. EP 02 246 811 A2. 

[00441 In U. S. Patent 5,470,485, the fitter material consists of a biend of (i) polyolefin fibers and (11} polyacryionitrile 
flbere. The fibers (I) are bicomponent PP/PE fibers of the core/^heath or skJe-by-side type. The fibers II are "halogen 

s free*'. The (I) fibers also have some "halogen-substituted polyoleflns": whereas, the acrylonitriieflbers have no halogen. 
The patent notes that the fibers must be thoroughly washed with nonionic detergent, v^fth alkali, or solvent and then 
well rinsed before being mixed together so that they do not have any lubricants or antistatic agents. Although the patent 
teaches that the fiber mat produced should be needle punched, these fibers could also be cut to lengths of 5-20 mm 
and mixed with similar length bicomponent themnal binder fibers and also with the possible addition of fiufT pulp so that 

fo dry-laid tharmally bonded paper can be utilized in this invention. 

[0045] EP 0 246 811 describes the triboelectric effect of rubbing two different types of fibers together. It teaches 
using sirrular types of fibers as U.S. Patent 5,470,485, except that the -ON groups of the poiyacrylonitrile fibers may 
be substituted by halogen (preferably fiuorine or chlorine). After a sufiiclent amount of sutistitution of -CN by -CI groups, 
the fiber may be referred to as a "nKxlacryllc*' if the copolymer comprises from 35 to 85% weight percent acrylonitnle 

fs units. EP 0 246 811 teaches that the ratio of polyolefin to substituted acrylonitrile (preferably modacryllc) may range 
from 30:70 to 80:20 by surfiace area, and more preferably fn^m 40:60 to 70:30. Similarly, U. S. Patent 5,470,485 teaches 
that the ratio of polyolefin to polyacryionitrile fit^rs Is in the range of 30:70 to 80:20, relative to a surface of the filter 
material. Thus, these ranges of ratios of potyoiefin to acrylic or modacryllc fibers may be used In the above stated 
proportions in the dry-laid thermally tx)nded capacity paper. 

20 

Meitblown Reeoe 

[0046] A synthetic polymer fiber meltbiown fieece can optionally be deployed as an ter between a multipurpose tier 
and a high efficiency filtration tier. The meltbiown fleece tier increases overall filtration efficiency by capturing some 
26 particles passed by tfie multipurpose filtration tier. The meitblown fleece tier also optionally can be electrostatically 
charged to assist in filtering fine dust particles. Inclusion of a meitblown fleece tier involves an incre^e in pressure 
drop at given dust loading as compared to composites not having a meitblown fleece tier. 

[0047] The meltbiown fieece preferably hm a basis weight of about 10-50 gln^l and air perme^Hity of about 
100-1500 U(m^2xs). 

30 

High Bullc Meitblown Nonwoven 

[004Q] Another discovery from recent rssearch to develop Improved vacuum deaner bags was the <teveiopment of 
a high bulk MB web or tier which could be used upstraam of a filtration grade MB fieece as a pre-filter in place of the 

35 wet-iaid capacity paper or dry-laid capacity paper. The high bulk MB pre-filter can be made in a meltblowing process 
using chilled quench air wlti a temperature of about 10 degrees C. in contrast, conventional MB normally uses room 
air at an ambient temperature of 35^ degrees C. Also the collecting distance from the MB die exit to the web take- 
up conveyer is Increased to 400-600 mm in the high bulk MB process. The distance normally is ebout 200 mm for 
regular MB production. Additionally, high bulk MB nonwoven is made by using a lower temperature attenuation air 

^0 temperature of about 21 5-235 degrees C instead of the nomnai attenuation air temperature of 260-290 degrees C, and 
a lower MB melt temperature of about 200-225 degrees C compared to 260-260 degrees C for filtration grade MB 
production. The colder quench air, lower attenuation air temperature, lower melt temperature and the longer collecting 
distance cooi down the MB filaments more. Removing heat results in less draw down of the filaments, and hence, in 
larger fiber diameters than would be found in typical filtration grade MB webs. The cooler filaments ars much less likely 

45 to thermally fiise together when deposited onto the collector. Thus, the High Bulk Meitblown nonwoven would have 
more open area. Even with a basis weight of 120 gfm^Z, the air permeability of the High Bulk Meitblown nonwoven Is 
606 Ly{m'^2 x s). By contrast, a much lighter (e.g., 22 g/m^2) filtration grade MB PP web had a maximum air permeability 
of only 450 U(m'^2 x s). The filtration efficiency of the High Bulk MB nonwoven as determined by the DIN 44956-2 Test 
was 96%. When the two were put together with the High Bulk MB nonwoven on the Inside of the bag, the air permeability 

60 was still 295 U{m^2 x s), and the filtration efficiency of the pair was 99.6%. The high bulk meitblown nonwoven can 
be uncharged, or optionally electrostatically charged provided that the nonwoven is of material having suitable dielectric 
properties. 

[0049] High Bulk MB nonwoven of this Invention should be distinguished from *^ttration grade MB" which also is 
employed In the muitltler vacuum filter stmcture of this disclosure, nitration grade MB web Is a conventional meitblown 
S5 nonwoven generally characterized by a low basis weight typically of about 22 g/hn^2, and a small pore size. Additional 
typical characteristics of filtration grade MB nonwoven of px^iypropyiene are shown in Table 1. A preferred high bulk 
MB nonwoven of polypropyleneoptimally includes about 5-20 wt% ethylene vinyl acetate. Filtration grade MB nonwoven 
has generally high dust removal efficiency, \je., greater than atx>ut 99%. 
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TABLE I 





Prefened 


More Preferred 


Most Preferred 


Filtration Grade MB PP 








lJ|f— M/mAO 








Thickness, mm 


0.10-2 


0.10-1 


0.26 


Air Permeability, U{n\^2 x s) 


100-5000 


100-2000 


450 


Tensile Strength, MD, N 


0.5-15 


1.0-10 


3.7 


Tensile Strength, CD, N 


0.5-15 


1.0-10 


3.2 


Rber Diameter, mm 


1-16 


1-5 


2-3 


High Bulk MB PP 








Weight. g/m^2 


30-180 


60-120 


80 


TTilckness, mm 


0.3-3 


0.6-2 


1.4 


Air permeability, L/(m*2 x s) 


300-8000 


600-3000 


2000 


Tensile Strength, MD, N 


1.0-30 


2-20 


10 


Tensile Strength. CD, N 


1.0-30 


2-20 


9.2 


Fiber Diameter, mm 


5-20 


10-15 


10-12 



[0050] High Bulk MB nonwoven is similar In filter efficiency to dry-laid and wet-laid capacity papers mentioned above. 
Thus, High Bulk MB nonwoven Is well-adapted to remove large quantities of large dust particles and to hold large 
amounts of dust. Accordingly, High Bulk MB nonwoven tier is suited for plaoement upstream of. and as a pre^iter for 
a filtration grade MB tier in a vacuum filter structure of this invention. 

Spunblown (Modular) Nonwoven 

[0051] A new type of meltblowing technology described In Wferd, G., Nonwovens Wortd, Summer 1998, pp. 37-40, 
is available to produce a Spunblown (Modular) Nonwoven suitable for use as a coarse filter tier in the present Invention. 
Optionally, the Spunblown Nonwoven can be utilized as a filtration grade meltbiown fle^)e tier as called for in the novel 
structure. Specifications of the Spunblown (Modular) Nonwoven are presented In Talrfe II. 

[00S2] The process for making the Spunblown (Modular) Nonwoven is generally a meltbiown procedure with a more 
mgged modular die and using colder attenuation air. TTiese conditions produce a coarse meltbiown web with higher 
strength and air permeability at comparable basis weight of conventional meltbiown webs. 



Mlcrodenler Spunbond Nonwoven 

[0053] A spunbond ("SB") nonwoven, occasionally referred to herein as mlcrodenler spunbond can also be utilized 
In this invention in the same way as the coarse filter tier or the filtration grade meltbiown fleece tlerprevioi^ly mentioned. 
Specifications of microdenier spunbond are listed in Table II. Mlcrodenler spunbond is particularly characterized by 
filaments of less than 12 mm diameter which corresponds to 0.1 0 denier for polypropylene. In comparison, conventional 
SB webs for disposables typically have filament diameters which average 20 mm. Microdenier spunbond can be ob- 
talned from Reifenhauser GmbH (Relcofil III), Koby Steel, Ltd., (Kobe-Kodoshi Spunbond Technology) and Ason En- 
gineering, inc. (Ason Spunbond Technology). 



Table II 





Prefeired 


More Preferred 


Most Preferred 


Spunblown (Modular) 


Weight g/m'^2 


10-150 


10-50 


28 


Thickness, mm 


0.20-2 


0.20-1.5 


0,79 


Air permeability, L/(mA2 x s) 


2004000 


300-3000 


1200 


Tensile Strength, MD, N 


10-60 


15^0 


43 


Tenaile Strength, CD, N 


10-50 


12-30 


32 
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Table II (continued) 





Prefeired 


More Preferred 


McMst Preferred 


SDUfiblown fModulart 










microdenier spunbond PP (Ason, Kobe-Kodoshi, Reicofii 111) 








Weight, 


10-60 


20-30 


17 


Thickness, mm 


0.10-0.6 


0.15-0.5 


0.25 


Air permeability, L/(m^2 x s) 


1000-10,000 


2000-6000 


2500 


Tensile Strength, MD, N 


10-100 


20-60 


50 


Tensile Strength, CD, N 


10-80 


10-60 


40 


Fiber Diameterp mIcrDmeter 


4-16 


6-12 


10 



[0054] A preferred process for producing an embodiment of the novel filter composite comprising a unitary stratified 
structure of MB and FP compositions is shown in FIG. 1. The illustrated process provides a product laminated to a 
scrim, paper or nonwoven to facilitate handling, pleating or packaging. It is also possible to provide an unlamlnated 
filter composite by replacing the scrim, paper or nonwoven with a supporting conveyor to carry the non-prebonded 
tiers through ttie process. The final unitary filter composite consists of at least two-tiers, although each tier may contain 
more than one type of fiber or other materials, and generally consists of three to five tiers, which are thermally or latex 
bonded. The electrostatic charging of the filter composite is preferably done In-line by the Tantret "cold" electrostatic 
charging process, although MB fibers may t>e "hof charged in-line upon exiting the MB die. Also, split film fibers, which 
were electrostatically charged during their production, may be introduced by the FP applicators. Furth^more, "mixed 
electrostatic fibers" which have opposite polarities after rubbing against each other due to different triboeledrlc prop- 
erties may be incorporated Into the composite by the FP applicators. 

[0055] Now referring to FIG. 1 , an optional unwind 1 is located at the starting end of the line to allow for the feeding 
in of an optional support layer 2, which may t>e a scrim, paper or nonwoven. Components 1, 2, 4 and 5 are optional In 
that the inventive unitary filter composite is iamir^ted to a scrim, paper or nonwoven only to facilitate handling , pleating 
or pacicaging. A conveyor belt 3 oins the entire length of the line; however It may also be separated into shorter sections 
with one conveyer section feeding the assembly of tiers onto the next sections as required in the process. Also at the 
starting end of the line there is an optional Adhesive appHcator 4 for dispensing an adhesive 5 in the form of glue or 
hot melt adhesive. This adhesive application station can be utilized when It is desired to in-line laminate a supporting 
layer to the unitary stratified structure of the novel composite. IHowever, It should .be noted that applicator 4 is not 
intended for pre-tx)nding tiers within the stratified structure. 

[OOSq Next, as shown in FIG. 1 , there are at feast one, and preferably two, FP applicator units 6 and 8. The primary 
function of the FP applicator units at the beginning of the line Is to produce and deposit dry-laid tiers 7 and 9 onto the 
optional adhesive tier 5, or onto the conveyor t>elt 3 if the optional support layer 2 and adhesive 5 are not used. The 
dry-laid tiers 7 and 9 have different compositions and properties to meet the requirements of the end product. In any 
respect, the role of tiers 7 and 9 is primarily to support and protect the MB or related filter media tiers 12 and 14. in 
the illustrated embodiment, the FP tiers 7,and 9 are primarily composed of "pulp" and bicomponent (B/C) fibers. Different 
types of B/C fibers may be used as described above. For example, a prefenred type has a core of higher melting point 
fiber such as PP and a sheath of lower melting point fiber such as PE. Other preferred compositions of "pulp" and B( 
C core sheath PP/PE are 50% "pulp"/50% B/G fibers in tier 7 and 25% "pulp"/75% B/C fibers in tier 9. If latex binder 
is not applied in section 23, then at least 20% B/C fitters or other types of thermal binder fit>er3 should be used. On 
the other hand, If latex bind Is subsequently applied in sections 23 and 27, then 100% "pulp" fiber can be applied t>y 
FP applicators heads 6 and 8. Also, It Is possible to apply 100% B/C fibers from FP applicator 6 or applic^or 8^ or from 
both applicator heads 6 and 8. 

[0057] In additional embodiments, instead of 100% BfC fibers, monocomponent regular staple fibers of PP, PET, 
polyamlde and other fibers can be substituted for up to 60% of the B/C or thermal bonding fillers that may be applied 
by any of the FP application heads 6, 8, 1 5, 1 8, and 20. Many types of thermally bondable fusing fibers which completely 
melt and are also known as "meit fibers" also can t>e used in place of the B/C fibers, except in dry-laid tier components 
where 100% B/C fiber would be used. 

[0058] RG. 1 further illustrates optional compactor 1 0 which decreases the thickness of the web and increases fiber- 
to-fiber adhesion of FP tiers 7 and 9. It should be noted that the extensive pre-bonding typically employed to separately 
produce the layers is not the objective of this optimal compacting step utilized in this inventive in-line process. The 
compactor 10 may be a calender, which may or may not be heated. The MB or related filter media 12 and 14 may be 
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deposited by one or more MB dies 1 1 and 13 onto the FP tiers 7 and 8. The primary function of the MB component is 
to serve as a high efficiency filter, that is, to remove small percentages of small size (less than about 5 micrometers) 
particles. The speclTicatlons of filtration grade MB media and related ultrafine fU>er diameter types of filter media are 
given In Table 1. 

5 [0059] The process can include at least one or more MB dies 11 and/or one or more related fine denier, (ultrafine 
fiber diameter) fiber applicators 13, designated asX. For example. If two identical i^B units are utilized, then units 11 
and 13 will be the same. Other variations contemplated to come within the breadth of this invention include having the 
first unit as a SpunBlown (Modular) or Microdenier Spunbond (SB) system first to form a filter gradient of coarser to 
finer high efficiency fUters. Another contemplated variation Is for one or more SpunBlown (Modular) or Microdenier SB 

10 systems to be used in tandem. Still another variation is to use a Micrc>denier SB first followed by a SpunBlown system. 
[0080] The next equipment component shown in FIG. 1 Is another FP applicator 15, which deposits an FP web on 
top of tier 14 (or on tier 12 if a second MB tier 13 is not Included). Tlien the non-prebonded assembly of tiers with tier 
16 uppermost travels through another optional compactor 17. Next the Intermediate product Is conveyed beneath one 
or mone additional FP units 16 and 26. FP applicator heads 15 and 18 Incorporate the Dry-Laid Capacity tier Into the 

IS structure. FP applicator 20 is primarily designed to produce very open f/.e. bulicy) FP primarily for dust holding capacity 
rather than as a filter. The very open FP tier 21 preferably is produced from 100% bicomponent B/C fiber or blends of 
B/C with ratios of B/C to "pulp" characterized as being higher than Is normally used to produce coarse pre-fliter FP 
webs. Either or both FP tiers 16 and 1 9 can also contain split film fibers and ""mixed electrostatic fibers". If no B/C fibers 
or other types of thermal bonding fibers ane used in FP tiers 16 and 19, then iatex binder should be applied at units 23 

20 and 27 to bond the tiers, if B/C fibers or other types of thermal bonding fibers are incorporaled in either of FP applicator 
heads 15 and 18, then iatex binder still can also be applied at units 23 and 27. 

[0061] The intemnediate product with uppennost tier 21 then travels through another compactor 22 and thence 
through a section of tlie production line where the previously loose, unbound tiers are subjected to one or more binding 
process steps that are cumuiatively effective to form the unitary stratified structure of the composite filter. Preferably, 
2S ail of the filter components that will be incorporated into the unitary stratified strudure are incorporated in the interme- 
diate product at this stage prior to binding the tiers together. 

[6062] With further reference to FIG. 1 Jt is seen lhat the binding steps take place beginning in the illustrated em- 
bodiment with a iatex binder 24 being applied by applicator 23. The latex can be sprayed from a liquid dispersion or 
emulsion, applied by iciss roil or gravure application, or sprayed as a dry powder onto the substrate and then thermally 

30 fused or bonded thereto. The latex also serves as a sealant in that it minimizes dust that can emanate from outside 
surfaces of the FP tier. After adding iatex binder at 23, the intermediate product travels through a heating unit 25 which 
dries and cures the iatex binder to bond the composite. The heating unit can be a heated calender, or an Inlraredp 
microwave, or convection oven. A combination of tfiese can also be used. A through-air oven is preferred, if B/C fit>ers 
or other types of thermally t)ondable fusing fibers are present in the intermediate product, then ovens 25 and 29 can 

35 serve to thermally fuse such fibers to continue the bonding and formation of the unitary structure. 

[6063] From the oven 25^ the Intermediate product Is cooled by system 26^ and Ihen a second latex binder is applied 
at 27. As illustrated, the path of travel and spraying unit 27 are positioned to apply latex binder to the side opposite 
the first application. The intermediate product containing the second latex binder 28 then passes through a second 
through-^ir oven 29 and through another cooling section 30. Next, the fully bonded composite film having a unitary 

^0 stratified structure Is charge in cold electrostatic charging station 31, preferably, a Tantret J system. FinaUy, the com- 
posite film 32 is slit to desired width or multiple of widths on slitter 33 and rolled up by the winder 34. Although elec- 
trosfafic charging is illustrated to take place toward the end of the process, it is contemplated that charging at a stage 
prior to application of latex binder can be performed, provided that the binder and the subsequent procedural steps do 
not signilicantly drain the charge from the intermediate product. 

45 [0064] Representative products according to the present invention are illustrated schematically in Figs. 2-13, de- 
scribed in greater detail as follows. In the figures, air flow direction is Indicated by arrow A. In FIG. 2, a unitary filter 
composite 36 made from two tiers is depicted. The inside (dirty air side) layer 37 is a Dry-Laid FP Capacity tier with 
the bmadest weight of 10-150 g/m'^2, typical weight range of 20-80 g/m'^2 end with a preferred weight of 50 g/m'^2. 
The FP layer 37 has difii^ent blends of pulp fibers, bicomponent (B/C) fibers, split film fibers and "mixed electrostatic 

so fibers." Split film fitters and "mixed electrostatic fibers" are not used in all variations of tier 37, but at least 10% and 
preferably at least 20% B/C fibers or other types of thermally bondable fusing fibers should be used to achieve adequate 
thermal bonding. Generally, at least 10% and preferably at least 20% pulp fibers are used tor enhanced coyer and 
filtration efiiciency. The outer tier 38 is a high efficiency MB component with a weight of 5-100 g/m^2. Notably, the 
independently composed tiers 37 and 38 meet at Interface 361A. This Interface is different from that in a laminate of 

65 two pre-bonded layers In a muitiiayer composite. Due to the fact that formation of a pre-bonded layer is not needed to 
produce the unitary structure 36, at least one of tiers 37 and 38 can be sufficiently fiimsy that it could not be formed 
Into a free standing web to be incorporated as a layer in a conventional multilayer composite. 
[0065] RG. 3 depicts a unitary filter composite 39 composed of three tiers. The Inside layer 40 is a coarse dry-laid 
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component made of 100% B/C fibers. W mainly serves as a pre-filter and protects downstream filter material. The 
broadest weight range Is 10 - 100 g/m*2 with a typical weight range of 20-80 g/m*2, and a preferred weight of 50 g/ 
m*2. The middle tier 41 is a Dry-Laid FP Capacity component with the broadest weight range of 10 - iOOg/m^l, -^ical 
weight range of 30 - 80 g/m*2, and a preferred weight of 50 g/m*2. Tier 41 typically has at least 10% and preferably 
at least 20% B/C fibers, 10% and preferably at least 20% FP and may also contain split film filjers and "mixed electro- 
static fibers." At least 10% and preferably at least 20% B/C fibers or other types of thennally bondable fusing fibers 
should be used to achieve adequate thermal bonding. Generaily, at least 10% and preferably at least 20% pulp fibers 
are used for enhanced cover and filtration efficiency. TTie tier can be free of B/C fibers or other types of thermally 
bondable fusing fibers If latex binder Is used. The outside tier 42 consists of high filtration efficiency MB media or other 
uftrafine fiber diameter materials such as SpunBlown Modular or MIcnodenler Spunbond. 

10QW\ Fig. 4 is a diagram of a unitary composite filter 43 made from four tiers of material. The inside tier 44 Is 
composed of Dry-Laid FP of 100% ^C fibers. TTie broadest weight range is from 10-100 g/m*2, typical weight is from 
a)-80 g/hr^*2 and the target weight is 50 g/m'^2. The second tier 45 Is a Dry-Laid FP Capacity tier with the broadest 
weight range of 10-150 g/m'^2, typical weight range of 30-80 g/m'^2 and a preferred weight of 50 Q/m^2. Layer 45 
contains at least 10% and preferably at least 20% B/C fibers, 10% and preferably at least 20% pulp fibers, and may 
contain varying amounts of charged or uncharged split film fibers. It may contain varying amounts of "mixed electrostatic 
fitiers". At least 10% and preferably at least 20% B/C fibers or other types of Ihemnaily bondable fusing fibers should 
be used to achieve adequate thermal bonding. Generally, at least 10% and preferably at least 20% pulp fibers are 
used for enhanced cover and filtration efliciency. The tier can be free of B/C fibers or other types of thermally bondable 
fusing fibers if latex binder is used. The third tier 46 contains MB filter media with a broadest weight range of 5- 100 
g/m''2, typical weight of 10 - 50 g/m'^2 and a preferred weight of 25 g/w^2. The outer tier 47 is a Dry-Laid FP composed 
of air-laid pulp and B/C fibers. 

[0057] Rg. 5 Is a diagram of a unitary composite filter 48 made from five tiers of material. The inside tier 49 is 
composed of Dry-I^id FP of 100% B/C fibers. The broadest weight range is from 10-100 g/m^2, typical weight is from 
20-80 g/m*2 and the target weight is 50 g/m*2. The second tier 50 is a Dry-Laid FP Capacity component with the 
broadest weight range of 10-150 g/m^2, typical weight range of 30-80 g/m'^2 and a prefen-ed weight of 50 g/m'^2. 
Component 50 contains at least 10% and preferably at least 20% B/C fibers, at least 10% and preferably at least 20% 
pulp fibers, and may contain varying amounts of charged or uncharged split film fibers. At least at least 10% and 
preferably at least 20% B/C fibers or other types of thermaily bondable fusing fibers should be used to achieve adequate 
thennai bonding. Generally, at least at least 10% and preferably at least 20% pulp fibers are used for enhanced cover 
and filtration efficiency. The tier can be free of B/C fibers or other types of thermally bondable fusing fibers If latex 
binder is used. Component 51 contains carbon granules or carbon fibers to absorb odors and to remove poiiutarrt and 
toxic gases fi^m the air. Component 52 Is a high filtration efficiency MB media with a broadest weight range of 5 - 100 
g/m^2, typical weight of 10 - 50 g/m*2 and a preferred weight of 25 g/m*2- Component 53 is a Dry-Laid FP composed 
of alr-lald pulp and B/C fibers. 

[0068] RG. 6 depicts a unitary filter composite 54 of the same construction as shown In FIG. 2, composed of two 
tiers 55, 56, bonded to a supporting outer layer 57 consisting of a paper, scrim or nonwoven with a weight ranging firom 
10-100g/mA2. 

[0089] FIG. 7 depicts a unitary filter composite 58 of the same constnjction as shown in FIG. 3, composed of three 
tiers 59, 60 and 61 , to an outer layer 62 consisting of a paper, scrim or nonwoven with a weight ranging from 10-100 
g/m'^2. 

[0070] FIG. 8 depicts a unitary filter composite 63 of the same construction as Fl G. 4, composed of four tier? 64^. 

to an outer layer 68 consisting of a paper, scrim or nonwoven with a weight of 10-100 g/m^2. 

[0071] FIG. 9 depicts a unitary filter composite 69 of the same construction as FIG. 6, composed of five tiers 71-75, 

to an outer layer 76 consisting of a paper, scrim or nonwoven with a weight of 10-100 g/m^2. 

[0072] RG. 10 deplctsa laminate of unltaryfifter composite 77 of the same construction as shown in RG. 2, composed 

of two tiers 78, 70, bonded to a supporting outer layer 81 consisting of a paper, scrim or nonwoven with a weight ranging 

from 10-100g/mA2, except that the outer layer Is bonded by glue or an adhesive 80, in which the latter could be a latex 

binder or a hot melt adhesive. 

[0073] FIG. 1 1 depicts a laminate of unitary filter composite 82 of the same constmction as shown In RG. 3, composed 
of three tiers 83-85, to an outer layer 87 consisting of a paper, scrim or nonwoven with a weight ranging from 10-100 
g/mA2, except the outer layer is bonded by glue or an adhesive 86. 

[0074] RG. 12 depicts a laminate of unitary filter composite 87A of the same construction as FIG. 4, composed of 
four tiers 88-91, to an outer layer 93 consisting of a paper, scrim or nonwoven with a weight of 10-100 g/m*2, except 
the outer layer is bonded by glue or an adhesive 92. 

[007q RG. 13 depicts a laminate of unitary filter composite 94 of the same construction as FIG. 5. composed of five 
tiers 95-99, to an outer layer 101 consisting of a F>aper, scrim or nonwoven with a weight of 1Q-100 g/m*2, except the 
outer layer is bonded by glue or an adhesive 100. 
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[(DOrq Where bonding between layers is indicated in embodiments of Figs. 10-13» oonventionai interiayer bonding 
methods, such as ultrasonic bonding can be used In place of or in conjunction with glue/adhesive bonding mentioned 
above. 

5 

Claims 

1. A composite filter comprising a pluFallty of non-prebonded tiers eacli tier independently comprising at least one 
filtration material and being distinct from adjacent tiers, in which the plurality of tiers are bonded together to form 
10 a unitary stratified structure having a first boundary surface adapted to receive particulates enrtrained in air and a 

second boundary surface adapted to discharge filtered air, and in which a first tier comprises dry-iald thermally 
bondable fusing, bicomponent or monocomponent polymer fibers and in which a second tier comprises meltbiown 
fibers and in which the first tier is positioned closer to the first boundary surface than the second tier. 

15 2. The composite filter of claim 1 In which at least one tier is non-self-supporting. 

3. The composite filter of claim 2 in which all non-self-supporting tiers each individually iacic Integrity effective to be 
laid down, rolled up and unrolled as a single entity. 

20 4. The composite filter of daim 1 comprising 2-5 tiers. 

5. The composite filter of claim 4 in which the tiers are juxtaposed to each other In order of decreasing poro^ such 
that the tier having the highest porosity Is adjacent the first boundary surface and the tier having lowest porosuty 
is adjacent the second Kwundary surface. 

25 

6. The composite filter of claim 5 In which the tiers each have a characteristic dust holding capacity and are Juxtaposed 
to each other in order of decreasing dust holding capacity such that the tier having the highest dust holding capacity 
is adjacent the first boundary surface and the tier having lowest dust holding capacity Is adjacent the second 
boundary surface. 

7- The composite filter of claim 1 in which the first tier has a composition selected from the group consisting of 100 
wt % bicomponent polymer fibers, a blend of at least about 10 wt. % bicomponent polymer fibers with a comple- 
menrtary amount of fluff pulp fibers, staple fibers or a mixture thereof, and a blend of at least about 10 wt % 
monocomponent polymer thermally bondali^le fusing fibers with a complementary amount of fluff pulp fibers, staple 
35 fibers or a mixture thereof. 

8. The composite fitter of claim 7, in which the bicomponent polymer fibers have a sheath of one polymer and a core 
of a different polymer having a melting point higher than tfie one polymer. 

40 a. The composite filter of claim 8, In which the core Is polypropylene and the sheath is polyethylene. 

HO. The composite fitter of daim 8, in which the core is disposed eccentric relative to the sheath. 

HI. The composite filter of claim 1 in which the first tier further comprises fibers selected from at least one of uncharged 
46 split film fibers, charged split film fibers and mbced electrostatic fit>er8. 

12. The composite filter of claim 1 f urther comprising a prefi Iter tier positioned closer to the first boundary surface than 
said first tier and which consists essentially of dry-laid, bicomponent polymer fibers having a sheath of polymer 
and a core of a diffierenit polymer having a melting point higher than the one polymer, and In which the second tier 

so comprises a web selected from the group consisting of filtration grade meltbiown fieece, spun-blown modular and 

microdenier spunbond. 

1 3. The composite filter of claim 1 2 further comprising a backing tier positioned closer to the second boundary surface 
than said second tier and comprising a dry-laid blend of t>icomponenft polymer fibers and fluff pulp fillers. 

53 

14. The composite filter of claim 13 further comprising an odor absorbing tier positioned between the first tier end the 
second tier and which comprises an odor at>sorblng agent 
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15. The composite filter of claim 14 in which the odor absorbing tier comprises a dry-laid blend bioomponent polymer 
fibers with either carbon granules or carbon fibers. 

16. A vacuum cleaner bag comprising a filter dement for filtering dirty air containing particulate contamination, and 
an air inlet means on the filter element for directing the dirty air into the filter element In which the filter elemervt 
comprises a composite filter according to one of the preceding claims. 

17. A method of making a composite filter comprising the steps of 

(a) laying down a filtration material onto a support to form a non-prebonded tier, 

(b) depositing onto the tier previously formed another filtration material having a diflierent composition from 
that of the tier previously formed to form a non-prebonded overfying tier, 

(c) bonding the tiers of filtration material to form a composite filter having a unitary stratified sfructurBp 

in which the fittration material selected for a first tier comprises dry-laid thermally bondable fiising, bicomponent 
or monocomponent or a blend of bicomponent and monocomponent polymer fibers and the filtration material se- 
lected for a second tier comprises me If blown fibers. 

18. The method of claim 17 which further comprises repeating the depositing step a piuraiity of times effective to build 
up a stack of tiers each having a composition adapted to achieve a preselected filtration function. 

19. The method of claim 18 in which bonding of the non-prebonded tiers is commenced only after all the tiers of the 
stack are built up. 

20. The method of claim 18 In which at least one of the laying down and depositing steps further comprises placing 
only sufficient filtration material to provide at least one tier which Is non-self supporting. 

21- The method of claim 20 in which all non-self supporting tiers each individually lack Integrity effective to be laid 
down, rolled up and unrolled as a single entity. 

22. The method of claim 1 8 in which the depositing step Is repeated from 1 to 3 times to build up a stack of 3 to 5 tieis. 

23- The method of claim 17 in which the filtn^n material selected for any tier further comprises split film fibers, mixed 
electrostatic fitters, or a blend thereof. 

24. The method of daim 18 In which the filtration material is selected for each tier so that porosity as measured In 
successive tiers of the stack either only increases or only decreases. 



Patenianspruche 

1. Mehrlaglger Filter umfassend eine Mehrzahl von nicht-vorgebondeten Lagen, wobei jede Lage unabhangig we- 
nigstens ein Flltratlonsmaterial umfasst und von t>enachbarten Lagen verschieden 1st, wobei die IVIehncahl von 
Lagsn zusammen gebondet ist, um eine einheitilche Lagenstrukturzu bilden, die eine erete Randoberflache, die 
zum Empfangen von in Lufl mitgerissenen Partlkein ausgebiidet ist, und eine zweite Randoberflache, die zum 
Ausiassen, von gefnterter Lufl ausgebiidet ist, eufwelst, und wot>ei eine erste Lage trockengelegta, thermrsch 
tx)ndbare BIKomponenten- oder f^onoicomponenten-Polymerschmelzfasern umfasst und wot>el eine zweite Lage 
IWeltblownfasem umfasst und wobei die erste Lage naher der ersten Randotierflache angeordnet Ist als die zweite 
Lage. 

2- iVIehrlagiger Filter nach Anspmch 1, wot>el wenlgstens eine Lage nichtseibsttragend IsL 

3. IWehriagiger Filter nach Anspruch 2, wobei alien nicht-seibsttragenden Lagen JeweHs einzein wirfcsame integritat 
fehit, um als eine einzelne EInheit abgelegt, au^ereUt und abgewickelt zu warden. 

4. IVlehrlagiger Rlter nach Anspmch 1, umfassend 2 bis 5 Lagen. 
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5. Mehrlagiger Filter nach Anspruch 4, wobei die Lagen In Reihenfblge absteigender Porositdt nebeneinander gelegt 
sind, so dass die Lege mit der hochsten Porositat benachbart der ersten Randoberflache 1st und die Lege mit 
niedrlgster Porosttat benachbart der zweiten Randoberflache iet. 

s 6. Mehrlagiger Fliter nach Anspruch 5, wobei die l-agen Jewells eine charakteristlsche StaubspeichertcapazitSt auf- 
weisen und in Reihenfblge abnehmender Staubspercherkapazitat nebeneinander gelegt sind, &o dass die Lage 
mrt der hochsten Staubspeicherkapazitat benachbart der ersten Randoberfldche ist und die Lage mit der nledrig- 
sten Staubspeicherkapazitat benachbart der zweiten Randoberflache Ist. 

10 7. Mehrlagiger Filter nach Anspruch 1, wobei die erste Lage eine Zusammensetzung aufweist, die aus der Gruppe 
bestehend aus 100 Gew.-% Bikomponenten-Poiyrherfasern, einer Mischung aus vwenigstens etwa 10 Gew.-% 
Bikomponenten-PolymerfiBsem mit erner komplementaren Mange von Fluff-Pulp-Fasern, Stapelfasem oderelner 
Mischung von diesen, und eine Mischung von wenlgstens etwa 10 Gew.-% thermisch bondbaren Monokompo- 
nenten-l^iymerschmelzfasem mit einer kompiementiren Menge an Ruff-Pulp-Fasem, Stapelfasem Oder einer 

IS Mischung von diesen ausgewahlt ist 

8. Mehrlagiger RHer nach Anspruch 7, wobei die BIkomponenten-Polymerfasern einen Mantel aus einem Polynner 
und eInen Kern aus einem anderen Polymer mit einem hdheren Schmelzpunkt ais der des einen Polymers auf- 
welsen. 

2D 

9. Mehrlagiger Filter nach Anspnjch 8, wobei der Kern Poiypropylen Ist und der Mantel Polyethyien ist. 

10. Mehrlagiger Riter nach Anspruch 8, wot^ei der Kem exzentrisch k>ezQgiich des Mantels angeordnet ist. 

26 11. Mehrlagiger Filter nach Anspruch 1, wobei die erste Lage welterhin Fasem umlasst, die aus wenlgstens ungela- 
denen Splitfiimlasem, geiadenen Splitfiimfasem Oder genrtischten elektrostalischen Fasem ausgewahlt wurden. 

12. Mehrlagiger Riter nach Anspruch 1, weiterhin umfassend eine Vorfilterlage, die naher der ersten Randoberflache 
angeordnet ist ais die erste Lage und die im WesenHichen aus trockengelegten Bikomponenten-Polymeriasem 

30 mit einem Mantel aus Polymer und einem Kem aus einem anderen Polymer mit einem hoheren Schmelzpunkt ais 

der des eInen Polymers besteht, und wobei die zweite Lage ein Vlles umfasst, das aus der Gmppe bestehend aus 
Flltrationsgradmeltblownvlles, modulanes Spunblown und MIkrodenier-Spunbond ausgewahlt Ist. 

13. Mehrlagiger Filter nach Anspruch 12, weiterhin umfassend eine Stutziage, die naher der zweiten Randoberflache 
36 angeordnet Ist ais die zweite Lage und umfassend eine trockengelegte Mischung aus BIkomponenten-Polymer- 
fasern und Ruff-Pulp-Fasem. 

Mehrlagiger RHar nach Anspruch 13, weiterhin umfassend eine geruchsabsorbierende l^ge, die zwischen der 
ersten Lage und der zweiten Lage angeordnet ist und ein geruchsabsorbierendes MIttei umffasst. 

Mehrlagiger Fliter nach Anspoich 14. wobei die geruchsabsorbierende L^ge eine trockengelegte Mischung von 
Bikomponenten-PoiymerfBsem mit entweder i^hlegranuiat oder Kohiefasem umifesst. 

16. Staubsaugerbeutei umfassend ein Filterelement zum Filtem dreckiger Luft mit Partikeiverunrelnigung und ein Luft- 
46 einlassmlttel an dem Filterelement zum Fuhren der dreckigen Luft In das Fiiterelement, wot>el das Filterelement 

einen mehrlaglgen Riter gem§& einem der vorangegangenen AnsprQche umlasst 

17. Verfahren zum Herstelien eines mehrlaglgen Filters, umfassend die Schritts 

so (a) Legen eInes RItrationsmateriais auf einen Trager, um eine nicht vorgebondete Lage zu bilden, 

(b) Ablegen eines anderen RItrationsmateriais mit einer anderen lUisammensetzung ais die der zuvor gebil- 
deten Lage auf der zuvor geblldeten Lage, um eine nicht vorgebondete daruber liegende Lage zu bilden, 

S5 (c) Bonden der Lagen aus Flitratlonsmateriai, um einen mehrlaglgen Riter mit einer einheitlichen In Lagen 

angeordneten Siruktur zu bilden, 

wobei das fur die erste Lage ausgewahlte Rllratlonsmaterial trockengelegte, thermisch bondbare Bikomponenten- 
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Oder Monokomponenten-PoiymerBGhmelzfiBsem oder eine Mischung au& Bikorrponenten- cxier Monokomponen- 
ten-Polymerschmelzfasem umfieisst und das fOr die zweite Lege ausgewdhlte Fntrationsmaterial Meltblownfasem 
umfasst. 

18. Verfahren nach Anspruch 17, weiterhin umfassend ein mehrmaliges Wiederholen des Abiegeschntts, um einen 
Stapei von Lagan autzubeuen, wobei Jede eine Zusammensetzung aufweist, die zum Erzielen einer vorbestimmten 
FiltBtionsfunktion ausgebiidet ist 

19. Verfaliren nach Anspruch 18, wobei das Bonden der niclrt vorgebondeten Lagen erst nachdem alle Lagen des 
Stapels auligebaut wurden begonnen wird. 

20. Verfahren nach Anspnjch 18, wobei wenlgstens der Lege- oder die Ablegeschritte weiterhin ein Anordnen von 
gerade ausreichendem Filtrationsmaterlal umfasst, um wenigstens eine Lage, die ntoht selbsttragend ist, benert- 
zustellm). 

21. Verfahren nach Anspruch 20, wobei alien nicht selb&ttragenden Lagen jeweils einzein wirksame Integrftat fehit, 
um als einzeine Einheit abgelegt auftgerolit und abgewtekelt zu warden. 

22. Verfahren nach Anspruch 18, wobei der Ablegeschritt ein- bis dreimai wiederhoit wird, um einen Stapel aus 3 bis 
5 Lagen aufzubauen. 

23. Verfahren nach Anspruch 1 7, wobei das fur Irgendelne Lage ausgewahlte RItrationsmaterfal weiterhin Splitfilrnfa- 
sern, gemlschte elektrostatlsche Fasem Oder eine Mischung davon umfasst. 

24. Verfiehran nach Anspruch 18, wobei das Filtratlonsmaterial fQr jede Lage so gewihit ist, dass die Porosltit ge- 
messen In auleinander folgenden Lagen des Stapels entweder nurzunlmmt oder nur abnimmt. 



Revendications 

1 - Un mtre compos6 comprenant une plurality d'6tages non pnS-ll^s, chaque 6tage comprenant ind^pendamment au 
molns un mat^riau de filtration et 6tant distinct des stages adjaoents, dans lequel une plurality d*dtages sont li§s 
ensemble de manlere a former une structure sfratifiee unltaire ayant une premiere surface frontiere adaptee p>our 
reoevoir des partlcules entratnees dans I'air et une seconde surface frontiere adaptee pour decharger I'air ffltre, 
et dans lequel un premier 6tage comprend des fibres de polym&re bicomposantes ou monocomposantes, appli- 
qu^es par vole s6che, thermo-liables par fusion, et dans lequel un second ^tage comprend des fibres soiiHl^es 
en fusion et dans lequel le premier 6tage est posltionn^ plus pr^s de la preml&re surface lionti^re que le deuxi§me 
etage. 

2. Le filtre composS selon la n^/endlcation 1 dans lequel au molns un Stage est non auto-supportS. 

3. Le fiitre compose selon la revendlcation 2 dans lequel tous ies etages non auto-supportes manquent chacun 
Indlvlduellement dlnt^ritd efTicaoe pour etre §tale, roM ou d§roule en tant qu'unique entfte. 

4. Le filtre compos6 selon la revendlcation 1 comprenant 2-6 Stages. 

5. Le filtre compose seion la revendlcation 4 dans lequel Ies et^es sont juxtaposes Ies uns aux autres dans I'ordre 
de porosite decrolssante tel que Tetage ayant la porosite la plus dievee est adjacent a la premiere surface frontiers 
et tel que rStage ayant ia porosrtS la plus basse est adjacent S la deuxiSme surface frontlSre. 

6. Le fiftre compost sek>n la revendlcation 5 dans lequel Ies etages ont chacun une capacite de retenir la poussldr^ 
caractenstique et sont juxtaposes Ies uns aux autres dans Tordre decroissant de capacite de retenir la pousslere 
tel que rStage ayant la capacity de retenir la pousslSre la plus 6levSe est adjacent d la premiere surface frontldre 
et tel que rStage ayant la capadtS de retenir la poussiSre la plus basse est adjacent d la deuxISme surface frontidre. 

7. Le filtre compose selon la revendlcation 1 dans lequel le premier etage a une composition selectionnee parmi le 
groups consistent en 100% en poids de fibres de polymere bicomposantes, d'un melange d'au moins environ 10% 
en poids de fibres de polym§re bicomposantes avec une quantity compl6mentalre de fibres de puipe de duvet. 
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de fIbrBS de base ou d'un melange da celle&<;i, et d*un melartge d'au moina environ 10 % en polda de fibres de 
polymere monocxsmposantes thermo-liables par fusion avec une quantity oompldmenlaire de fibres de puipe de 
duvet, de fibres de base ou d'un melange de celle&-cl. 

s 8- Le fittre compost selon la revendlcation 7 dans lequel les fibres de polym^re bicomposantes ont un manchon fait 
d'un polymere et une partie oentraie faite d'un polyrnere different ayani un point de fusion plus eieve que le premier 
poiym^re. 

9. Le filtre compost selon la revendication 8 dans lequel la partie oentraie est en poiypropyl&ne et le manchon en 
10 polyelhyldne. 

ID. Le filtre compose selon la revendication 8 dans lequel la partie oentraie est disposee de manidre exoentrlque par 
rapport au manchon. 

IS 1 1 . Le filtre compose selon ia revendication 1 dans lequel ie premier etage comprend de plus des fibres seiectionnees 
parml au moins une des fibres non chargees de pellicule dechiree, des fibres chargees de pellicule dechiree et 
des fibres dlectrostatiques m6lang6es. 

12. Le filtre compose selon la revendication 1 comprenant de plus un etage de pre-filtration posltionn^ plus pres de 
20 la pnemidrB surface frontiere que dudit premier etage et qui consiste essentieitement en fibres de polymeres bi- 
composantes appllquees par vole seche, ayant un manchon fait d'un poiymere et une partie oentraie faite d'un 
polymere different ayant un point de fusion plus Slev§ que le premier polym&re, et dans lequel le second dtage 
comprend une bande s§lectionn§e parml le groupe consistant en du moileton de quallt6 de filtration souffl§ en 
fusion, du file fondu modulaire et du file fondu de microdenier. 

25 

13. Le filtre compos6 selon la revendication 12 comprenant de plus un ^ge de soutlen posl1ionn6 plus pr^s de la 
seconde surface frontidre que dudit second dtage et comprenant un melange appIiquS par voie s^e de fibres 
de polym&re bicomposantes et de fibres de puIpe de duvet. 

30 14. Le filtre compose selon la revendication 13 comprenant de plus un etage d'absorptlon d'odeurs positionne entre 
le premier ^ge et le second dtage et qui comprend un agent d'absorption d'odeurs. 

15. Le filtre composd selon la revendication 14 dans lequel Tetage d'absorptlon d*odeur& comprend un melange ap- 
plique par voie stehe de fibres de poiymere bloomp)osantes avec soit des granules de carbone sdt des fibres de 

35 carbone. 

16. Un sac d'aspirateur comprenant un 6l6ment de filtration pour filtrer I'air sale contenant des particules de contami- 
nation, et un orifice d'entr^e de fair plaod sur I'element de filtration pour dinger Pair sale a rinterieur de Pelement 
de filtration, dans lequel Tdldment de filtration comprend un filtre compost selon Tune des preoedentes revendi- 

40 cations. 

17. Une methode pour fabriquer un filtre compose comprenant les stapes de : 

(a) ^ler un matSrIau de filtration sur un support pour former un ^tage non pr§-li6p 
4$ (b) d§poser sur r^ge prto§demment fbrm6 un autre mat6riau de filtration ayant une composition diffSrente 

de celle de r§tage pr6c6demmerft f6m6 pour former un 6tage recouvrant non pr6-llS, 
(c) lier les etages de materlau de filtration pour fomier un filtre oomposd ayant une structure stratlfiee unltaire, 

dans lequel le matSriau de filtration s^ledionnd pour le premier 6tage comprend des fibres bicomposantes ou 
so monocomposantes, appllquees par voie s§che, thermo-liables par fusion ou un melange de fibres de polym&ne 

bicomposantes ou monocomposantes, et le materlau de filtration selectionne pour le second etage comprend des 
fibrss souffiees en fusion. 

18. La methode selon la revendication 17 qui comprend de plus le fait de r6p6ter I'^tape de d^pdt une plurality de fo\z 
S5 efficaces pour construire une pile d'§tages, chacun ayant une composition adaptSe pour parvenir d une fonctlon 

preselectionnee de filtration. 

19. La mdtliode selon la revendication 18 dans iaquelle la liaison des stages non pr6-li§s commence seulement aprfes 
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que fous les etages de la pile sont oonsfniits. 

20. La methode selon la revendicatlon 16 dans laquelle au molns una des etapes d'etalement at de depot comprend 
de plus placer seulement suffisammenrt de mat6rlau de filtration pour Ibumir au molns un 6tage qui est non auto 
supports. 

21. La methode selon la revendicatlon 20 dans laquelle tous les etages non auto-supportes manquent ctiacun indivl- 
duellement d'intSgritS efficace pour Stre 6tal6, roul6 ou d§roul6 en tant qu'unique entity. 

22. La methode seion ia revendlcation 18 dans laquelle Pdtape de depdt est rSpdtde de une 1 d 3 fols pour oonsiruire 
una pile de 3 a 5 etages. 

23. La methode seion la revendicatlon 17 dans laquelle le matSriau de filtration sSlectionn^ pour n'importe lequel des 
Stages comprend des fibres de pelllcule dSchirSe, des fibres Slectrostatlques mSlangSes, ou un melange de oelies- 
ci. 

24. La m^hode seion ia revencfication 18 dans laquelle le matSriau de filtration est sSiectlonnS pour chaque Stage de 
fagon ^ oe que la porositS mesurSe dans les Stages successHs de la pile soit augmente seulement soft diminue 
seulement 
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